cases than controls, but this did not persist after multivariate adjustment. However, in linear regression, change in interleukin-6 was correlated with change in creatinine. Conclusion: Cardiovascular risk factors and kidney function may change concurrently. This could lead to an increased risk of cardiovascular disease as kidney function worsens.
lated with the degree of kidney function [1, 2] . This implies that as kidney disease progresses, the decline in kidney function leads to a worse risk factor profile. However, this has not clearly been shown, as most prior studies evaluating the association of CKD with cardiovascular risk factors have been cross-sectional. Nonetheless, the association of CKD with CVD is generally assumed to be mediated in part by the exacerbation of cardiovascular risk factors.
In fact, not all studies have confirmed that CKD is an independent marker of cardiovascular risk [3] . It may be that the same risk factors lead to both increased risk of CVD and to more severe kidney disease and that the kidney is not involved in causing or mediating the risk. The alternative is that CKD exacerbates cardiovascular risk factors and that the risk factors are an 'intermediate step' in the pathway from CKD to CVD. If the cardiovascular risk of CKD is attributable to the exacerbation of cardiovascular risk factors, then progression of kidney disease should be accompanied by pathophysiologic changes in risk factors such as lipids, inflammatory and thrombogenic markers.
In order to address this research question, we designed a nested case-cohort study within the Cardiovascular Health Study to examine the association of change in kidney function with change in risk factors.
Methods

Participants
The Cardiovascular Health Study [4] is a community-based cohort study of risk factors for CVD in older adults in the United States. Participants were recruited from Medicare eligibility lists in 4 communities: Forsyth County, N.C.; Pittsburgh, Pa.; Sacramento County, Calif., and Washington County, Md., USA. Individuals were invited to participate if they were community-dwelling adults, age 65 or older, expected to remain in the area for the next 3 years, were not receiving active treatment for cancer, and were able to give informed consent without a proxy. The initial cohort of 5,201 was recruited in 1989-1990 and an additional African-American cohort (n = 687) was recruited in 1992-1993. As change was defined from initial visit to year 5, the African-American cohort was not included in this case control study. The protocol was IRB approved and all participants gave informed consent.
As change in kidney function is relatively uncommon, a casecohort study was designed. Cases were all individuals with a rise in serum creatinine 6 0.3 mg/dl from the baseline visit (1989) (1990) to the visit 3 years later (1992) (1993) . A change of 0.3 mg/dl was chosen as a clinically relevant change based on a review of prior studies [5] . Two hundred and seven cases were identified. These individuals were matched 1: 1 with a control group having creatinine change ! 0.3 mg/dl. Cases and controls were matched on the individual components of the four-variable Modification of Diet in Renal Disease estimated glomerular filtration rate (GFR) formula [6] : baseline serum creatinine (within 0.2 mg/dl), age (within 5 years), race and gender. In addition, cases and controls were matched on diabetes status [normal fasting glucose, impaired fasting glucose 110-125 mg/dl and diabetes ( 6 126 mg/ dl or use of diabetic medications)]. One case with impaired fasting glucose could not be matched to a control with impaired fasting glucose and was matched to a control with diabetes.
Laboratory Assays
Serum and plasma were drawn after an 8-to 12-hour fast and samples were stored at -70 ° C. Methods regarding blood drawing, quality assurance and assay performances have been described previously [7] . Assay drift was assessed with each run of samples [7] . All assays were performed at the central lab at the University of Vermont.
Serum creatinine was measured using the Kodak Ektachem 700 Analyzer (Eastman Kodak, Rochester, N.Y., USA), a colorimetric method. The mean coefficient of variation was 1.94% (range 1.16-3.60) [7] . Cystatin C was measured using a BNII nephelometer (Dade Behring Inc., Deerfield, Ill., USA) that utilized a particle-enhanced immunonephelometric assay (N Latex Cystatin C) [8] . The interassay coefficient of variation ranges from 2.3 to 3.1%.
The Olympus Demand System (Olympus, Lake Success, N.Y., USA) was used for total and HDL cholesterol and triglycerides; the mean coefficients of variation were 1.70, 2.23 and 1.84%, respectively [7] . LDL cholesterol was calculated by the Friedewald formula [9] ; fibrinogen was measured in a BBL fibrometer (Becton Dickinson, Cockeysville, Md., USA), mean coefficient of variation of control lots ranging from 2.53 to 3.39%; factor VII and factor VIII were performed using Coag-A-Mate (Organon Teknika, Durham, N.C., USA); coefficient of variation 4.72-5.90% for factor VII and 9.10-10.37% for factor VIII [7] . Interleukin-6 (IL-6) was measured by high-sensitivity ELISA (R&D Systems, Minneapolis, Minn., USA); the coefficient of variation was 7%. Baseline C-reactive protein (CRP) was measured by high-sensitivity ELISA (coefficient of variation 5.1%) [10] . Follow-up CRP was measured by high-sensitivity immunonephelometry on the BNII nephelometer (Dade Behring Inc.). Original values were standardized to follow-up values using linear regression (adjusted baseline CRP = exp[ln(original baseline CRP) + 0.2781]).
Covariates
Body weight was measured using a calibrated balance beam scale. Smoking was defined as current smoking. Use of prescription medications was ascertained from a review of prescription bottle labels by interviewers [11] . Prevalent CVD and congestive heart failure were ascertained from standardized questionnaires and were confirmed by physical exam and a review of prior records and/or treating physician surveys [12] . Prevalent CVD was defined as prior history of coronary heart disease (myocardial infarction, angina, bypass surgery, percutaneous coronary angioplasty), transient ischemic attack or stroke. The internal carotid artery was evaluated by high-resolution B-mode ultrasonography to determine the maximal intima-media thickness (IMT) as previously described [13] . Blood pressure was measured after a 5-min rest in the seated position in the right arm. An appropriately sized cuff was used. At baseline, a Hawksley random-zero sphygmoma-nometer (model 7076; Hawksley and Sons, Ltd., Lancing, UK) was used and at follow-up a standard mercury sphygmomanometer.
Statistical Analysis
Differences in participant characteristics between cases and controls were tested with t test or Wilcoxon test for continuous variables and 2 for proportions. As the inflammatory markers are skewed, differences (baseline and change) between cases and controls in the risk factors were tested with Wilcoxon signed rank test. Conditional logistic regression (for matched pairs) was used to assess whether baseline and change in risk factors differed between cases and controls after adjustment for covariates. To determine whether the change in risk factors correlated with the degree of change in serum creatinine, the data for cases and controls were pooled and linear regression was used. S-Plus (release 6.1, Insightful, Inc., Seattle, Wash., USA) was used for the analysis. A p value ! 0.05 was considered statistically significant. Confidence intervals are expressed as 95% confidence intervals. For the logistic and linear regression analyses, predictors are expressed per standard deviation (SD).
Results
There were 207 cases that were matched to 207 controls, who were very similar in age, gender, race, and baseline creatinine ( table 1 ) . Thus, there was a minimal difference in baseline estimated GFR. However, the cases had a significantly higher baseline cystatin C than controls and were also more likely to have prevalent CVD, higher IMT and systolic blood pressure and use of diuretics at baseline. By design, the change in creatinine was higher in the cases compared to the controls. The change in cystatin C paralleled the change in creatinine. There was no significant difference in the use of statins between the cases and controls at baseline or follow-up (3.4% baseline, 6.8% follow-up in cases; 3.9% baseline, 4.8% followup controls). Blood pressure tended to decrease during follow-up in the cases (median change systolic blood pressure -5, IQ range -21.3 to 13 mm Hg) and diastolic (-1.5, -10 to 7) with smaller change in controls (systolic +1, IQ range -11 to 11; diastolic +2, -4.5 to 8). However, this was associated with a larger increase in the use of antihypertensives (41 vs. 33%) and diuretics (40 vs. 29%). Use of angiotensin-converting enzyme inhibitors (ACEIs) was uncommon in both cases and controls, though somewhat more common in cases (20 cases, 11 controls were taking ACEIs at baseline and 54 cases, 20 controls were taking ACEIs at year 5). Given the greater changes in antihypertensive medications, we did not analyze change in blood pressure further. Table 2 shows the baseline values and changes in inflammatory markers, procoagulant markers and lipid values in cases and controls. Baseline inflammatory markers and factor VIIc and FVIIIc levels were higher in individuals with subsequent loss of kidney function. During follow-up, IL-6 levels increased to a greater degree in cases compared to controls. There was a borderline significant increase in fibrinogen levels, but no difference in the change in CRP during follow-up. Factor VII and VIII levels tended to be higher at baseline in cases, but only factor VIII levels changed during follow-up. Baseline HDL was higher and triglycerides were lower in cases; however, there was not a significant difference by case control status in the change in HDL, LDL or triglycerides. Table 3 shows the results of the logistic regression analyses. The trend was towards an increase in inflammatory and procoagulant markers in cases. However, there were differences between the inflammatory and procoagulant mediators with regard to baseline values and change in cases and controls. After adjustment, baseline CRP was higher in cases than controls; however, CRP change did not differ. Fibrinogen and factor VIII increased to a greater degree in cases and HDL significantly declined. In the logistic regression, there was not a significant difference in change in IL-6 between controls and cases. However, the change in IL-6 did correlate with the change in creatinine, suggesting larger increases in IL-6 with larger increases in creatinine ( table 4 ). The change in factor VIII also correlated with the change in creatinine. However, the degree of HDL and fibrinogen change did not correlate with the creatinine change.
Discussion
In this analysis, we found that several inflammatory and procoagulant marker levels increased with progression of kidney disease. factor VIII correlated with the degree of change in serum creatinine, indicating that greater progression of CKD may lead to greater elevations of certain inflammatory and procoagulant markers. The changes in lipid levels were not significant in univariate analysis, but after adjustment for systolic blood pressure, diuretic use, prevalent CVD, internal carotid IMT and baseline HDL, individuals with disease progression had a significant decline in HDL. We were not able to assess whether CKD led to worse blood pressure control given greater changes in BP medication use in individuals with progression of disease. Overall, the cardiovascular risk factor profile worsened in individuals whose kidney disease progressed compared to those whose kidney function remained stable. In addition to being potential cardiovascular risk factors, fibrinogen, factor VII and factor VII are procoagu- lant makers and higher levels may predict a higher risk of venous thromboembolism [14, 15] . CKD has recently been shown to be associated with VTE, and it is possible that elevated procoagulant markers are one explanation for the increased risk [16] . The National Kidney Foundation [17] and the American Heart Association [18] consider CKD to be a coronary heart disease risk equivalent. Those who disagree about the direct contribution of CKD to risk propose that kidney disease is simply a marker of the duration and severity of traditional cardiovascular risk factor [3, 19] . The alternative view is that CKD can exacerbate traditional risk factors or lead to the development of elevated levels of nontraditional risk factors. In NHANES I, CKD (creatinine level 1.2-1.7 mg/dl in women, 1.4-2.0 mg/dl in men) was not an independent risk factor for all-cause or cardiovascular mortality after adjustment for traditional cardiovascular risk factors [3] . In a pooled analysis of the Atherosclerosis Risk in Community Study, Cardiovascular Health Study, Framingham Heart Study and Framingham Offspring Study, CKD (eGFR ! 60 ml/min/ 1.73m 2 ) was associated with an increased risk of mortality [20] . The relationship was stronger in blacks compared with whites, though it was statistically significant in both. In addition, the relationship of CKD to myocardial infarction, cardiovascular mortality and stroke was only significant in blacks.
If CKD is more than a marker of other comorbidity and cardiovascular risk factors, then the progression of kidney disease should lead to exacerbation of risk factors. The rise in inflammatory and procoagulant markers is consistent with the hypothesis that CKD leads to elevations in these markers. In inflammatory kidney disease, tubular cells and mesangial cells can produce IL-6 and tumor necrosis factor-␣ [21, 22] , but as most elderly individuals with CKD do not have inflammatory kidney disease, this is not the most likely explanation. More likely explanations for the elevated levels are increased prevalence of other comorbid conditions associated with inflammation, decreased clearance of cytokines themselves or decreased clearance of other mediators that induce an inflammatory state. That the levels of inflammatory markers rise to a greater degree in individuals whose kidney function worsens suggests a role for clearance.
There were some differences among the inflammatory markers. A rise in creatinine was associated with change in IL-6, but not CRP. This could be related to decreased differences in the site of metabolism of the mediators. However, CRP does not appear to have less renal clearance than IL-6. In a study of the fate of recombinant human IL-6 administered to rats, Castell et al. [23] found that 80% of IL-6 was metabolized by the liver and 10-15% cleared by the kidney. In contrast, in a study in mice, the largest proportion of the administered CRP was recovered in the urine [24] . In human studies, approximately 90% of injected 125 I-CRP is recovered in the urine [25] . An alternative explanation is that the large variability (large standard deviation) made detecting changes in CRP more difficult.
At least some of the rise of inflammatory markers with decreased kidney function is due to decreased renal clearance. However, whether a rise due to decreased renal clearance has the same clinical significance as elevated levels due to increased cytokine production is not clear. Three studies have examined whether the strength of the association of inflammatory markers with cardiovascular outcomes is the same in individuals with normal and decreased kidney function. The results are conflicting. In the Nurse's Health Study, the strength of the association of CRP, IL-6 and tumor necrosis factor receptors for coronary artery disease events was mainly seen in individuals with decreased kidney function [26] . In the Atherosclerosis Risk in Community Study, the association of higher levels of fibrinogen with coronary heart disease was similar across all levels of renal function. In contrast, the association of lower serum albumin was stronger and the association of HDL was weaker in individuals with CKD [27] . In the Cardiovascular Health Study, CRP and factor VIII were associated with cardiovascular mortality in individuals with normal kidney function, but not those with reduced kidney function [28] .
There are a number of limitations of this analysis. We did not have measured GFR and relied on changes in serum creatinine, as measured GFR is impractical for large epidemiologic studies. As individuals were matched on age, race and gender, any change in creatinine reflects a change in estimated GFR (eGFR). However, change in serum creatinine or eGFR may not accurately reflect actual change in measured GFR [29] . The two groups were matched for baseline eGFR, but the higher cystatin C level in the cases suggests that they may have had subtle differences in kidney function [30] . Another limitation is that kidney function and cardiovascular markers were measured at the same time points. We cannot determine which rise came first or if the markers rose concurrently. Lastly, we only had data on traditional lipid markers. CKD is associated with a decrease in LDL particle size and an increase in LDL particle number, both of which may be cardiovascular risk factors [31] . We did not have data on changes in nuclear magnetic resonance (NMR) lipid values to assess whether a more atherogenic lipid profile developed with worsening kidney function.
In conclusion, our results suggest that cardiovascular risk factors and kidney function may change concurrently, though there may be differences among the inflammatory markers. This could lead to an increased risk of CVD as kidney function worsens.
